Hepatic function in chronic relapsing malaria caused by Plasmodium vivax and treated principally by atabrine has been investigated at Harmon General Hospital in 317 soldiers. This study seemed advisable because of previous reports that impairment of liver function may occur in both naturally-acquired (1 to 3) and induced malaria (4). Several types of tests were performed on our patients both during recurrent attacks and at various intervals afterwards. Most of these same tests were also performed on healthy individuals to determine whether in our laboratory the methods gave normal ranges of values corresponding to those found in the literature. This made it possible to compare the findings in our patients with those of our healthy control series, as well as with the results of other investigators.
Hepatic function in chronic relapsing malaria caused by Plasmodium vivax and treated principally by atabrine has been investigated at Harmon General Hospital in 317 soldiers. This study seemed advisable because of previous reports that impairment of liver function may occur in both naturally-acquired (1 to 3) and induced malaria (4) . Several types of tests were performed on our patients both during recurrent attacks and at various intervals afterwards. Most of these same tests were also performed on healthy individuals to determine whether in our laboratory the methods gave normal ranges of values corresponding to those found in the literature. This made it possible to compare the findings in our patients with those of our healthy control series, as well as with the results of other investigators.
The liver function tests used may be grouped roughly into 3 categories: (a) those in which hepatic dysfunction is suspected when abnormal values are found-bromsulfalein, cephalin flocculation, galactose tolerance and hippuric acid tests; (b) those in which an abnormal value may be associated with increased red blood cell destruction and/or hepatic dysfunction-icterus index, serum bilirubin concentration, and urine urobilinogen concentration; and (c) quantitative determinations of some constituents of blood serum occasionally found to yield abnormal results in persons with hepatic disease-albumin, globulin, total protein, cholesterol and phosphatase. METHODS 
Bromsulfalein (5):
The amount of dye injected intravenously was 5 mgm. per kgm. of body weight. The permanent standards used were supplied by Hynson, Westcott and Dunning. Since the standards were prepared for the 2 mgm. test, the calculations were made by dividing the readings obtained by 2.5. 4 Major, MC, A.U.S. 6 Colonel, MC, A.U.S.
2. Cephalin flocculation test (6, 7) : The cephalincholesterol antigens were obtained from the Difco Company (Digestive Ferments Company) of Detroit, Michigan, and from the Wilson Laboratories of Chicago, Illinois. The test was performed according to Hanger's method with the exception that most of the tests were kept in the dark since recently light has been reported as affecting the results (8).
3. Galactose tolerance test: Forty grams of galactose were given by mouth to fasting subjects. The amount of sugar excreted in the urine during the next 5 hours was determined by Benedict's quantitative method using a solution which had been standardized against galactose. The results were reported as galactose. 4 . Intravenous hippuric acid test (9): Sodium benzoate (1.77 grams) was injected intravenously, and the urinary excretion of hippuric acid for a period of 1 hour was determined. The hippuric acid was salted out of the acidified urine with ammonium sulfate (0.5 gram per ml.) at 200 C. for 1 hour. The precipitate was filtered with suction and was washed with three 5 ml. portions of icecold water. In the calculation of the results, correction for the solubility of hippuric acid was made by adding 0.1 gram per 100 ml. of urine to the weight of precipitate obtained.
5. (Table II) In duplicate tests on the sera of 204 men, 2 to 44 weeks following recurrent attacks of malaria, These results with duplicate tests, using the Difco and Wilson antigens, show that there is a substantial difference in the sensitivity of the two antigens. There is also a marked difference in results between the number of positive tests during the attacks and following the attacks when the results with the same antigen are compared. In spite of the difference in sensitivity between the 2 antigens, it is apparent that the disturbance producing the greater number of positive tests during attacks is of a transient character.
Galactose tolerance test: The galactose tolerance test was performed on 207 men from 4 to 52 weeks after an attack of malaria (Table IV) (Table V) . According to Quick (9), 1 gram or more of hippuric acid is excreted in 1 hour by a normal person. Certain workers (18) have pointed out that the amount of hippuric acid excreted bears a relationship to body weight. In Icterus index and serum bilirubin concentration: It is customary to determine the icterus index and the bilirubin concentration of blood serum on fasting specimens. In our studies, most of the patients were having many specimens of blood taken for plasma atabrine determinations 2 to 4 hours after breakfast. In order to minimize the number of venepunctures, sera from these same specimens were used for the icterus index and bilirubin determinations. In doing this, it seemed essential that control values fromn non-fasting sera of healthy soldiers should be compared with the results in our patients, and in addition that the non-fasting specimens from healthy soldiers should be compared with fasting specimens to determine whether the results might be different. specimens tended to be slightly lower (Table VI) . Five per cent of these values for the icterus index were greater than 8 units and 3 per cent of the values for serum bilirubin were greater than 0.50 mgm. per 100 ml.
During 108 attacks of malaria, both the icterus index and serum bilirubin concentration were determined on 5 successive days from the beginning of the attack. Following 118 attacks, the same tests were performed at intervals of 1, 2 and 3 weeks after the attack. From the second to the fifteenth week after attacks, these same tests were performed on 997 specimens from 260 men. The results are shown in Figure 1 . On the first day of the attack, 16 Figure 1 . On the first day of the attack, 20 per cent of the tests were positive in a dilution greater than 1: 20, and 41 per cent were positive in a dilution greater than 1: 10. The number of elevated concentrations steadily decreased so that by the fifth day but few were above the normal limit. From 2 to 15 weeks after attacks the values were practically identical with those obtained with the normal healthy controls.
Serum albumin, globulin and total protein: The serum albumin, globulin and total protein were determined from 1 to 26 weeks following recurrent attacks of malaria in 172 men. All values for serum albumin were within normal limits. In 3 men values above 2.7 grams per 100 ml. were obtained for the globulin, with the highest being 3.1. In only 2 men were the values for total protein below 6.0 grams per 100 ml., with the values being 5.0 and 5.8 respectively. It is evident that hyperglobulinemia and hypoproteinemia were not frequent in this group of patients.
Cholesterol: Cholesterol determinations were made on 156 fasting patients after recurrent attacks of malaria. None had a value below 150 mgm. per 100 ml. (4) . The impairment was said by these investigators to disappear within 3 to 6 weeks after termination of the malaria.
The patients at Harmon General Hospital formed a desirable group upon which to perform liver function tests. The group was homogeneous with respect to age period, color, endemic area in which the Plasmodium vivax infection was acquired, and chronicity of disease as indicated by an average of 9 recurrent attacks in about 17 months. Clinically, these patients frequently complained of vague gastro-intestinal symptoms and were easily fatigued, even after months of convalescent care. During 308 observed attacks in these and some other patients, not included in this particular study, 32 per cent had pain in the right side, chiefly in the upper quadrant, and 12 per cent had palpable livers. All had had prolonged suppressive treatment with atabrine while overseas, as well as thorough treatment with it during recurrent attacks.
The majority of these patients were available for study for a period of 6 months. This created an opportunity to perform a large series of tests both during and after recurrent attacks of malaria and to observe whether there were any transient or possibly permanent abnormalities in liver function. During the acute attacks, with those tests which gave presumptive evidence of liver dysfunction, less than 5 per cent of the bromsulfalein tests were abnormal. With 5. The icterus index and serum bilirubin concentration tests were determined on the same sera both during and after attacks of malaria.
(a) At the onset of 118 attacks, 16 per cent of the values for the icterus index were greater than 8 units, and 20 per cent of those for the bilirubin concentration were greater than 0.50 mgm. per 100 ml. of serum. By the fifth day, and for the following 15 weeks, the values were approximately normal.
(b) The degree of elevation above normal in both tests was not great, nor did elevation occur in every individual.
6. The urine urobilinogen test was performed both during and after attacks of malaria. On the first day of 176 attacks, 20 per cent of the tests were positive at a dilution greater than 1: 20. By the fifth day but few tests showed values above normal although an occasional individual had an elevated figure for a short period of time with the rest being about normal within 2 to 15 weeks after an attack. 7 . In 172 men following recurrent attacks of malaria, the albumin, globulin and total protein were normal in all but 5 men.
8. In 156 men following recurrent attacks of malaria, the serum cholesterol was essentially normal.
9. In 191 men following recurrent attacks of malaria, the phosphatase was normal.
CONCLUSION
Liver function tests in 317 patients with chronic relapsing vivax malaria treated principally by atabrine disclosed evidence of some transient disturbance during recurrent attacks but gave little or no indication of permanent hepatic dysfunction. 
